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ABSTRACT
We present the first analysis of the stellar content of the structures and substructures identified in the peculiar star-forming galaxy
NGC 5474, based on Hubble Space Telescope resolved photometry from the LEGUS survey. NGC 5474 is a satellite of the giant
spiral M 101, and is known to have a prominent bulge that is significantly off-set from the kinematic center of the underlying H i and
stellar disc. The youngest stars (age≤ 100 Myr) trace a flocculent spiral pattern extending out to >∼ 8 kpc from the center of the
galaxy. On the other hand intermediate-age (age>∼ 500 Myr) and old (age ≥ 2 Gyr) stars dominate the off-centred bulge and a large
substructure residing in the South Western part of the disc and not correlated with the spiral arms (SW over-density). The old age
of the stars in the SW over-density suggests that this may be another signature of the dynamical interaction/s that have shaped this
anomalous galaxy. We suggest that a fly by with M 101, generally invoked as the origin of the anomalies, may not be sufficient to
explain all the observations. A more local and more recent interaction may help to put all the pieces of this galactic puzzle together.
Key words. Galaxies: individual: NGC 5474 — Galaxies: peculiar — Galaxies: interactions — Galaxies: stellar content — Galaxies:
structure
1. Introduction
NGC 54741 is a satellite of M 101 (the Pinwheel galaxy) clas-
sified as SAcd pec. It is located at 6.98 Mpc from us (Tully et
al. 2013), in the M 101 group (Tully, Curtois & Sorce 2016), at
0.74◦ from the center of M 101, corresponding to ' 90 kpc in
projection, and 0.80◦ from NGC 5477, another member of the
group. Its absolute integrated visual magnitude, MV ' −18.5, is
' 1.5 mag brighter than the conventional limit for dwarf galax-
ies, adopted, e.g., by Tolstoy, Hill & Tosi (2009). The total vi-
sual luminosity of NGC 5474 is about 1.5 times that of the Large
Magellanic Cloud (McConnachie 2012).
The most obvious reason for being classified as peculiar is
readily visible in the image shown in Fig. 1, where a seem-
ingly circular compact bulge (hereafter “the bulge”, for brevity)
is clearly seen to lie at the northern edge of what appears as
a bright, nearly face-on, stellar disc. Moreover any additional
piece of observational evidence seems to add more complexity
to the overall picture of this system (see, e.g, Rownd, Dickey
& Helou 1994, Gonza`lez Delgado et al. 1997, Kornreich et al.
1998, 2000, Epinat et al. 2008, Mihos et al. 2013, for discussion
and references).
The three panels of Fig. 2, showing images of the galaxy at
different wavelengths, provide the basis for a more thorough il-
lustration of most of the anomalies affecting NGC 5474. In the
central panel we have marked and labelled some remarkable fea-
tures, for reference. In particular, the small red circle marks the
optical center of the bulge, that is easy to locate (see, e.g., the in-
Send offprint requests to: M. Bellazzini
1 Also known as UGC 9013 and VV344b, where VV344a is M101.
Fig. 1. RGB color image of NGC 5474 obtained with SDSS images in
g, r, and i band, for the blue, green and red channels, respectively. North
is up and East is to the left. The white circle is centred on the center of
the bulge.
tensity contours in Fig. 5, below) and coincides with the position
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of a nuclear star cluster (see Sect. 2.1). The large red circle has
radius R = 30.0′′ (corresponding to r ' 1.0 kpc, at the distance
of NGC 5474) and encloses the entirety of the optical bulge. The
small cyan square marks the position of the kinematic center of
the H i disc, as determined by Rownd, Dickey & Helou (1994,
R94, hereafter) and confirmed by Kornreich et al. (2000, K00,
hereafter). It is worth noting that while the Hα velocity field is
compatible with having the same kinematic center as the H i ,
the amplitude of the Hα rotation curve seems to be significantly
larger (Vmaxsin(i) ' 25 km/s vs. Vmaxsin(i) ' 8 km/s; Epinat
et al. 2008, Kornreich et al. 2000). Finally, the large blue cir-
cle is centred on the kinematic center of the disc and has a ra-
dius of R = 240.0′′, corresponding to r ' 8.1 kpc. Kornreich
et al. (2000) trace the H i disc out to R ' 400′′, correspond-
ing to r ' 13.5 kpc. It is apparent from the FUV and Hα im-
ages of Fig. 2 that the youngest stars follow an irregular but
clear and wide spiral pattern, whose center of symmetry roughly
coincides with the kinematic center of the disc. However the
strongest UV emission and some of the most remarkable H ii re-
gions are clustered in a bar-like structure that overlaps the bulge.
Moreover the i-band image reveals the presence of a signifi-
cant stellar over-density to the South-West of the bulge, with the
shape of a fat crescent (SW over-density, see also Fig. 1). The
latter feature does not coincide with the spiral arms, but it seems
to match the position of a local minimum in the H i distribution
(see Fig. 9 by K00). The sub-structure is approximately com-
prised in the range of angular distances from the center of the
bulge 50.0′′ ≤ R ≤ 110.0′′ (corresponding to the range 1.7 kpc
to 3.7 kpc), with a surface density peak at R ' 65′′ ' 2.2 kpc
(see also Fig. 5, below). It is interesting to note that the bulge
does not seem strikingly off-set with respect to the overall spiral
pattern. The strong displacement is with the kinematic center of
the H i distribution, and with the structure that, for historical rea-
sons, we referred to as the “bright disc” (we will use again this
name in the following, for brevity), that in fact is a nearly circu-
lar cloud of redder light (i.e., seen in i-band but not in FUV) that
encloses/surrounds the SW over-density.
Both R94 and K00 find that the H i disc displays a very reg-
ular velocity field in the central region, while beyond ' 180′′
from the kinematic center the typical features of a strongly
warped disc become apparent, with the orientation of the kine-
matic major axis of the cold gas changing by more than 50◦. The
disc of the galaxy is nearly face-on with respect to the line of
sight (i= 21◦; Kornreich et al. 2000); this makes the derivation
of the true amplitude of the rotation curve and, consequently,
the estimates of the total dynamical mass, especially uncertain
(Mdyn = 2 − 6.5 × 109 M; Rownd, Dickey & Helou 1994).
The various dynamical disturbances observed in NGC 5474
are generally attributed to its interaction with M101, that also
displays signs of interaction with the environment (see, e.g.
Mihos et al. 2013) and is connected to NGC 5474 by a bridge
of H i clouds and filaments (Hutchmeier & Witzel 1979, Mihos
et al. 2012). However, as far as we know, a quantitative modeling
of the interaction has never been attempted.
Here we present the results of the analysis of the deep pho-
tometry of individual stars in NGC 5474 obtained and made pub-
licly available by the LEGUS collaboration (Calzetti et al. 2015,
Sabbi et al. 2018), from Hubble Space Telescope (HST) optical
(F606W, F814W) images acquired with the Wide Field Channel
(WFC) of the Advanced Camera for Surveys (ACS). In particu-
lar, for the first time, we reveal the stellar content of the various
asymmetric components of the galaxy, providing new observa-
tional insight on their possible origin. This study is part of an
ongoing broader project aimed at searching for the observational
signatures of the process of hierarchical merging in dwarf galax-
ies, the SSH survey (Annibali et al. 2019).
Throughout the paper we adopt (m − M)0 = 29.22 ± 0.20,
corresponding to D=6.98 Mpc, from Tully et al. (2013), and
foreground extinction AV = 0.029 from NED, in good agree-
ment with Gil de Paz et al. (2007). For the present-day oxygen
abundance we assume 12+log(O/H)=8.31 ± 0.22, estimated in
H ii regions by Moustakas et al. (2011) with the calibration by
Pilyugin & Thuan (2005), corresponding to [M/H] ' −0.4 and
Z ' 0.006.
The outline of the paper is the following: in Sect. 2 we
present newly derived light profiles of the bulge and of the nu-
clear star cluster; in Sect. 3 we present the Color Magnitude
Diagram and the spatial distribution of stars as a function of their
age. Finally, in Sect. 4 we discuss the main results of the analy-
sis.
2. Surface photometry
To obtain structural parameters and estimate the stellar mass of
the bulge we follow the same approach adopted by Bellazzini et
al. (2017), using r and i band images from SDSS DR12 (Alam
et al. 2015). These sky-subtracted images are flux-calibrated in
nMgy units2, that can be easily converted into AB magnitudes
with the relation mag=-2.5log(F[nMgy]+22.5.
First we determined the center of the bulge as the position of
the highest intensity peak on the image, with the aid of density
contours. Then, the Aperture Photomety Tool software (APT,
Laher et al. 2012) was used to perform surface photometry. We
derived the surface brightness profile over a series of concen-
tric circular apertures covering the whole extension of the bulge,
up to 33.5′′. To remove the contribution of the underlying disc,
we estimated the background in a concentric annulus sampling
that component and we subtracted it from the fluxes within the
apertures. The background-subtracted surface brightness profile
is shown in Fig. 3. All the parameters derived from the surface
photometry are listed in Table 1. We took the i band as a refer-
ence for the profile and for estimating the stellar mass because
in this band the light contribution from young stars, presumably
unrelated to the bulge, should be minimal.
The parameters of the best-fit Se´rsic model (Se´rsic 1968)3,
listed in Table 1, are in good agreement with those obtained
by Fisher & Drory (2010) from 3.6 µm band images from the
Spitzer space mission, once the difference in the assumed dis-
tance are taken into account (n = 0.74±0.2 and re = 439±100 pc,
corrected to our distance). The structural parameters of the
bulge of NGC 5474 are consistent with those of pseudo-bulges
(Kormendy & Kennicutt 2004, Fisher & Drory 2008), and in-
deed it is classified as such by Fisher & Drory (2010). It is in-
teresting to note that these parameters are also fully compatible
with the scaling laws of dwarf galaxies (see, e.g., Coˆte´ et al.
2008, Lange et al. 2015, Bellazzini et al. 2017, Marchi-Lasch
et al. 2019). In particular, the absolute integrated magnitude, the
stellar mass, and the effective radius of the bulge are quite sim-
ilar to those of NGC 205, a nucleated dwarf elliptical satellite
of M 31 (MV = −16.5 ± 0.1, M? = 3.3 × 108 M, assum-
ing M/LV = 1.0, and Re = 445 ± 25 pc (circularised), from
McConnachie 2012).
2 Nanomaggies, see
https://www.sdss.org/dr12/algorithms/magnitudes/
3 We adopt the formulation by Ciotti & Bertin (1999), µ(R) = mu(0)+
1.086bn(R/Re)
1
n , where Re is the 2D half-light radius and bn is computed
following Prugniel & Simien (1997).
2
M. Bellazzini et al.: The strange case of NGC 5474
Fig. 2. Images of NGC 5474 at different wavelengths. Left: GALEX-FUV, center: SDSS-i, right: continuum-subtracted Hα image (retrieved from
NED, where it is attributed to Dale et al. 2009). All the images have the same scale and are aligned. The small red circle is the photometric center
of the bulge, the wide red circle has radius=30.0′′ and encloses the bulge, the small cyan square is the kinematic center of the H i disc (according
to Rownd, Dickey & Helou 1994), and the wide blue circle is centred on this point and has a radius=240.0′′. North is up and East is to the left.
Table 1. Properties of the bulge of NGC 5474
name value units note
RA0 211.25587 deg position of the intensity peak
Dec0 53.66225 deg position of the intensity peak
rint 12.78 ± 0.1 mag from the best-fit Se´rsic profile in r-banda
iint 12.50 ± 0.1 mag from the best-fit Se´rsic profile in i-banda
Mi −16.7 ± 0.2 mag
MV −16.2 ± 0.3 mag transformed from r and i magnitudes according to Bellazzini et al. (2017)
〈µi〉e 20.3 ± 0.2 mag/arcsec2 from the best-fit Se´rsic profile in i-banda
〈µV〉e 20.8 ± 0.2 mag/arcsec2 transformed from r and i magnitudes according to Bellazzini et al. (2017)
µV,0 20.1 ± 0.2 mag/arcsec2 transformed from r and i magnitudes according to Bellazzini et al. (2017)
Re 14.3 ± 0.5 arcsec
re 484 ± 20 pc
n 0.79 ± 0.1 Se´rsic index
Li 3.2 × 108 Li,b
M? 4.1 × 108 Mc
a Using Eq. 9, Eq. 11 and Fig. 2 from Graham & Driver (2005), to pass from µe to 〈µ〉e and to mint.
b Adopting Mi, = 4.57 from http://astroweb.case.edu/ssm/ASTR620/mags.html#solarabsmag
c Stellar mass obtained by adopting M/Li, = 1.27. This is the mean of the values obtained for the (r − i)0 color of the bulge from
the two relations provided by Roediger & Courteau (2015), fitted from two different sets of theoretical models.
2.1. The stellar nucleus
The inspection of the ACS images revealed the presence of a star
cluster residing at the center of the bulge (see the upper panel of
Fig. 4). The object is not resolved into stars but is clearly more
extended than the stellar PSF.
In the lower panels of Fig. 4 we show the surface brightness
profile of the stellar nucleus obtained with APT aperture pho-
tometry on concentric circular annuli as above, from the F606W
and F814W ACS images. The profiles are nicely fitted by a
King (1966) model with concentration C = 0.90 and core ra-
dius rc = 0.14′′. The theoretical profile has been convolved with
a Gaussian distribution with FWHM=0.1′′ to account for the
smoothing due to the HST PSF. These and other measured prop-
erties of the system are listed in Table 2. The structural properties
of the stellar nucleus derived here are in reasonable agreement
with those provided by Georgiev & Bo¨ker (2014), who included
it among those surveyed in their sample of 228 spiral galaxies.
The nuclear cluster has a stellar mass typical of globular
clusters (GCs) and a (V − I)0 color compatible with the most
metal-poor Galactic GCs (Smith & Strader 2007). It fits well the
relation between rh and C of Galactic globular clusters (GGC,
Djorgovski et al. 2003), but its concentration parameter is lower
than any GGC with similar MV (Djorgovski & Meylan 1994).
The ratio of its stellar mass to that of the bulge as a whole obeys
the relation that is known to exist between the stellar masses
of galaxies and of their nuclei (see, e.g., Sa´nchez-Janssen et al.
2018, and references therein). The presence of a nuclear star
cluster is a further element of similarity with NGC 205 (see, e.g.,
Heat et al. 1996, and references therein); the color of the nuclei
are also similar (Nguyen et al. 2019).
3. Photometry of resolved stars
We retrieved4 the F606W and F814W photometric catalogs pro-
duced by LEGUS (Calzetti et al. 2015) from ACS images nearly
centred on the bulge of NGC 5474. The F814W drizzled im-
age at the origin of this dataset is shown if Fig. 5. In this figure
the intensity contours highlight very clearly the bulge and the
SW over-density. All the details on the data reduction and on the
4 From the LEGUS web site https://legus.stsci.edu
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Fig. 3. Surface Brightness profile of the bulge of NGC 5474 in the SDSS
i band. The continuous line is the Se´rsic model that best-fits the ob-
served profile.
Table 2. Properties of the nuclear star cluster of NGC 5474
name value units
RA0 211.2558 deg
Dec0 53.6622 deg
F606Wint 20.40 ± 0.07 maga
F814Wint 19.76 ± 0.08 maga
MV −8.7 ± 0.2 magb
MI −9.5 ± 0.2 magb
(V − I)0 0.75 ± 0.11 magb
µV,0 18.1 ± 0.1 mag
C 0.90 ± 0.1
rc 0.14 ± 0.02 arcsec
rh 0.18 ± 0.02 arcsecc
LV 2.6 × 105 LV,
M? 2.6 × 105 Md
a Aperture photometry.
b V and I magnitudes from Harris (2018) transformations.
c Projected half-light radius, from C and rc, using Eq. B4
of McLaughlin (2000)
d Adopting M/LV ' M/LI = 1.0, that is appropriate for the (V − I)0
color of the nucleus according to, e.g., Maraston (1998) models.
parameters included in the catalogs are reported in Sabbi et al.
(2018).
First we selected from each catalog only the sources classi-
fied as bona fide stars, then we applied further selections based
on various quality parameters. In particular we required that stars
retained in the final catalogs satisfy the following conditions:
ROUND< 3.0, CHISQ< 2.0, |SHARP|< 0.2, and CROWD< 0.2, for
both F606W and F814W (see Sabbi et al. 2018, for the mean-
ing of the parameters). We matched the two catalogues using
CataXcorr5 with a first degree transformation, ending up with
a merged catalog with 137174 stars. Finally, we added to our
catalog V,I magnitudes in the Johnson-Cousins system, obtained
from F606W and F814W magnitudes with the transformations
by Harris (2018).
We transferred to the catalog the astrometry embedded in the
drizzled images provided by LEGUS. This was done by reducing
the F606W image with Sextractor (Bertin & Arnouts 1996), with
a 10σ detection threshold, to obtain an output catalog with posi-
5 http://davide2.bo.astro.it/˜ paolo/Main/CataPack.html
Fig. 4.Upper panel: HST ACS F814W zoomed image of the central part
of the bulge with intensity cuts chosen to make the stellar nucleus vis-
ible. The concentric circles provide the scale of the image and help the
eye to appreciate that the nucleus reside at the center of the bulge. Lower
panel: Surface Brightness profile of the stellar nucleus in both the ACS
bands. The continuous line displays the King (1966) model that fits the
observed profiles. The parameters of the model are reported in the pan-
els. The deviation from a smooth profile observed around log(R)=0.75
is due to a relatively bright source projected onto the outskirts of the
nucleus.
tions in RA and Dec. Then we used CataXcorr to cross-correlate
this catalog with the catalog we got from LEGUS, and we trans-
formed pixel coordinates into equatorial coordinates with a first
degree polynomial in x,y fitted on 32571 stars in common, well
distributed over the whole field. The residual of the transforma-
tion are < 0.2′′ in both coordinates. The astrometric solution
embedded in drizzled images may have a small zero-point resid-
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Fig. 5. HST ACS drizzled image of NGC 5474 in the F814W filter. The
intensity contours are at 0.04, 0.08, 0.12, 0.25, 0.5, 1.0, 2.0 e−/s. The
black circle marks the position of the kinematic center of the H i disc.
ual. We checked with external catalogues and we concluded that
the residual should be <∼ 1.0′′, that is negligible for the purposes
of the following analysis.
3.1. The Color Magnitude Diagram
The upper panel of Fig. 6 shows the Color Magnitude Diagram
(CMD) of the entire sample of selected stars in the ACS field,
color coded according to the square root of the local den-
sity. Most of the stars are tightly clustered into a well defined
Red Giant Branch (RGB), running from F606W-F814W' 0.5
at F814W' 27.0 to a clear tip located at F814W' 25.1 and
〈F606W − F814W〉 ' 1.1. Stars in this evolutionary phase are
older than 1-2 Gyr, but possibly as old as > 10 Gyr. Above
the RGB tip a broad sequence of bright stars bends to the red
and culminates at F814W∼ 24.3. These are Asymptotic Giant
Branch (AGB) stars, tracing intermediate to old age popula-
tions (age>∼ 100 Myr). The blue vertical plume at F606W-
F814W<∼ 0.3 hosts both Main Sequence stars and stars at the
blue edge of the core Helium burning phase. The thin diago-
nal sequence emerging at the RGB tip level, to the blue of the
RGB and AGB sequences, and running up to F814W' 20.0 at
F606W-F814W' 1.3 (red plume) collects stars located at the red
edge of the core Helium burning phase. All the stars lying in the
blue and red plumes and between them are younger than a few
' 100 Myr.
In the lower panel of Fig. 6 we illustrate the selection boxes
we adopt to trace stellar populations in different age ranges:
RGB, AGB and Young stars from both the blue and red plumes.
A comparison with theoretical isochrones from the PARSEC set
(Marigo et al. 2017) allows a better age bracketing of the stars
enclosed in our selection boxes, taking into account also the ef-
fect of metallicity. In particular, using isochrones with metal-
licity corresponding to the oxygen abundance measured in the
Fig. 6. Upper panel: CMD from the HST catalog. Lower panel: CMD
illustrating the boxes adopted to select the various populations.
disc of NGC 5474 (Z=0.006) we find that our Young selec-
tion box is populated only by stars younger than 100 Myr. The
sharp break in the distribution of AGB stars at F814W∼ 24.3
is matched by isochrones of age >∼ 630 Myr, for Z=0.006, and
of age >∼ 1.0 Gyr for Z=0.0006 (stars significantly more metal-
poor than the present day metallicity are likely part of the stellar
mix, when old-intermediate age populations are considered). We
conclude that our AGB box includes stars in the age range from
' 0.5 Gyr to 4 − 5 Gyr, since, according to the adopted stellar
evolution models, older age AGB stars in this range of metallic-
ity do not become brighter than the RGB tip. Finally, under the
same assumptions, selected RGB stars should have ages in the
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range ' 2.5 Gyr to ' 12.5 Gyr. In the following section we will
show and discuss the radial distribution of the various tracers.
In Figure 7, we show the CMD for different radial annuli
centred on the photometric center of the bulge. This figure il-
lustrates the strong impact of radially varying incompleteness
in the region enclosing the bulge (R < 30.0′′), with the limit-
ing magnitude dropping from F814W' 27.0 for R ≥ 30.0′′ to
F814W' 25.5 for R < 10.0′′. In the innermost annuli we no-
tice the smearing of the main CMD features due to the effects
of stellar blending and to the increased photometric uncertainty
related to the extreme degree of crowding in the bulge region.
Outside R = 30.0′′ the quality and completeness of the pho-
tometry is nearly constant. Fig. 7 also shows that the same evo-
lutionary sequences are present everywhere in the considered
field, albeit not necessarily with the same relative abundance.
The two outermost annuli have been split into their Southern
and Nothern halves (SH and NH, respectively). In these radial
ranges (R ≥ 50.0′′) the “bright disc”, and, in particular, the SW
over-density, are completely included in the SH, while the NH
lack any obvious structure (see Fig. 5; in particular the densest
part of SW is included in the SH annulus 50′′ ≤ R ≤ 80.0′′).
This difference is clearly reflected in the corresponding CMDs.
However, in spite of the strong asymmetry in favour of the SH
annuli, a significant number of stars associated to NGC 5474 is
present in the NH also in the outermost regions, for R ≥ 80.0′′.
Hence, an extended distribution of intermediate age and old stars
(a halo component?) is present everywhere in the sampled field.
It is interesting to note that the ratio of the number of AGB
and RGB stars is significantly larger in SH than in NH, suggest-
ing that intermediate age stars represent a larger fraction of the
old+intermediate age population in the region to the South of the
bulge, dominated by the SW over-density, than in the “empty”
region to the North of it. While the actual values of this ra-
tio are affected by the incompleteness of the RGB sample (that
reaches the limiting magnitude of the photometry) this should
affect equally the northern and southern halves of the same ra-
dial annulus, thus making the comparison between the ratios in
SH and NH meaningful. We have verified that the reported dif-
ferences are unchanged if only RGB stars brighter than I = 26.0
are used, a subset much less affected by incompleteness.
3.2. The spatial distribution of stars
The density maps of the stars belonging to the CMD selection
boxes described above are shown in Figs. 8, 9, and 10, for the
YOUNG, the AGB, and the RGB samples, respectively. The po-
sitions of the photometric center of the Bulge and of the kine-
matic center of the H i disc are reported in all the maps (upper
and lower asterisk, respectively).
The stars younger than ' 100 Myr (YOUNG) clearly display
the same spiral pattern shown in the left panel of Fig. 2, includ-
ing the central bar-like structure (see also Cignoni et al. 2019,
for an analysis of the youngest stars). While the pattern is visi-
ble over the whole field, the densest clusters of young stars lie in
the South-West half, showing that also the recent star formation
has been asymmetric on large scales (a few kpc).
The intermediate-age AGB stars have a very different distri-
bution: the bulge and the SW over-density stand out as the most
remarkable structures, possibly connected by a fainter bridge of
stars protruding from the eastern edge of the over-density ap-
proximately toward the East and reaching the eastern edge of
the bulge, after a strong bending toward North-West.
The map of old RGB stars (Fig. 10) displays a density min-
imum at the position of the bulge. We should emphasise, how-
ever, that the lack of RGB stars in the central bulge is entirely due
to the strong incompleteness affecting this region (see Sect. 3)
and thus preventing the detection of stars fainter than the AGB.
However, the CMD of the outer corona of the bulge (Fig. 7)
strongly suggest that RGB stars are an important component of
the bulge, albeit unresolved near the center. On the other hand,
the SW over-density and the stellar bridge identified on the AGB
map are quite evident also in this map. Hence, we conclude that
old and intermediate-age stars traces the SW over-density, dom-
inating its stellar content. On the other hand, Fig. 11, where the
density map of the YOUNG stars is superimposed to that of RGB
stars shows that the main spiral arms and the SW over-density
are not spatially correlated.
4. Discussion and Conclusions
Large asymmetries in the distribution of stars in a galaxy like
NGC 5474 can be produced only by (a) inherently asymmetric
star formation episodes, that are quite frequent in star forming
galaxies, or by (b) a strong dynamical disturbance, due to an
interaction with another galaxy.
The old age (> 2 Gyr) of the stars populating the SW over-
density militates against the first hypothesis, as orbital mixing
should wipe out an over-density originated by an asymmetric
episode of star formation within the disc of NGC 5474 in a few
orbital times. However this possibility cannot be completely dis-
missed, since the SW over-density lies in the rising branch of
the rotation curve, the rise is approximately solid body (Epinat
et al. 2008) and the orbital periods at the relevant distances from
the H i kinematic center are relatively long (in the range 200-
400 Myr assuming the Epinat et al. 2008 velocity curve, and
> 500 Myr adopting the curve by Kornreich et al. 2000).
A major episode of star formation producing such a conspic-
uous and long-lasting substructure may have also been triggered
by dynamical interaction, the generally hypothesised past en-
counter with M 101 being the most obvious candidate. However,
assuming a difference in transverse velocity between M 101 and
NGC 5474 as large as 300 km/s (about six times the difference
in radial velocity) and that the projected separation (90 kpc) cor-
responds to the 3D mutual distance, the close encounter with
M101 should have occurred ∼ 300 Myr ago, while the hypo-
thetic burst started more than 2 Gyr ago.
In conclusion the variety of anomalies observed in
NGC 5474 suggests that it is advisable to consider also the pos-
sibility that, in addition to the interaction with M 101, the galaxy
bears also the signs of a recent interaction with a dwarf compan-
ion. For instance, the SW over-density could be the remnant of
a recently disrupted satellite, whose merging triggered the ob-
served enhancement in the recent star formation in the Southern
half of the gaseous disc. Alternatively, it can be the density wake
produced by the off-set of the bulge within the disc or by the
passage of a companion. Long-lasting (up to ' 1 Gyr) spiral
patterns induced by impulsive interactions have been observed
in N-body simulation of galaxy encounters (see, e.g., Struck,
Dobbs & Wang 2011, and references therein). Still, at least in
the cases explored by Struck, Dobbs & Wang (2011), they show
up as two-arms spiral patterns in stars and gas, that do not seem
to match the distribution of old and intermediate-age stars shown
in Fig. 9 and Fig. 10.
A natural candidate as a still-alive companion is the putative
bulge, an hypothesis already mentioned by other authors (e.g.,
Mihos et al. 2013). Indeed, Mihos et al. (2013) concluded that
the relatively regular outer isophotes of the galaxy are not easy
to reconcile with a strong tidal interaction, e.g., with a massive
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Fig. 7. CMD in different radial annuli, from the center of the bulge to the edge of the ACS image. For R ≥ 50.0′′ we split the annuli in their
Northern and Southern halves (NH and SH, respectively), to highlight the asymmetry in the surface density related to the SW over-density. In
the corresponding panels we report also the ratio between AGB and RGB stars. The horizontal grey line marks the position of the RGB tip as
determined from the whole sample. This series of CMDs also clearly illustrate the severe effect of the increasing incompleteness toward the center
of the most crowded substructure, i.e. the bulge, with the limiting magnitude dropping by nearly 2 mag from R > 30.0′′ to R < 10.0′′.
galaxy like M 101, and that the off-centered position of the bulge
is suggestive of a recent or on-going interaction with a less con-
spicuous body.
Some broad consistency check of this hypothesis can be at-
tained, based on the structural similarity of the bulge with local
dwarfs (Sect. 2). The latter obey to a tight relation between MV
and dynamical mass Mdyn, or, equivalently, the dynamical mass
to light ratio Mdyn/L, with Mdyn/L in solar units ranging from
∼ 1000 for the faintest dwarfs to ∼ 1 − 3 for the brightest ones,
with luminosities similar to the bulge of NGC 5474 (where all
the masses and mass to light ratios are computed within the half
light radius, McConnachie 2012). According to this author, the
local galaxy that is more similar to it, NGC 205 (see Sect. 2), has
Mdyn/L ' Mdyn/Mstar ' 2. If we adopt the same for the bulge
as a whole we obtain Mdyn ∼ 8 × 108 M, a factor of ∼ 2.5 − 8
lower than the dynamical mass of NGC 5474, as estimated from
the rotation curve of its gaseous disk (2.0−6.5×109 M, within
8.8 kpc from the center; Rownd, Dickey & Helou 1994). A
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Fig. 8. Density map of the YOUNG sample obtained with TOPCAT.
The axis are RA and Dec (in degrees) in sin projection. North is up
and East is to the left. The color is proportional to the square root of
the local density, darker tones of blue traces higher density levels. The
two asterisk symbols superimposed to the map mark the position of the
center of the bulge and of the dynamical center of the H i disc (from
Rownd, Dickey & Helou 1994), from North to South, respectively.
Fig. 9. Same as Fig. 8 for the AGB sample. Here the color code goes
from warm colors (low density) to cold colors (high density).
mass ratio ∼ 0.1 − 0.2 would probably be broadly consistent
with visible but not destructive effects of the encounter. In this
case NGC 5474 would be a bulge-less disc galaxy with a minor
stellar halo component and a dynamical mass-to-light ratio of
(M/Li)dyn ∼ 20 − 60. At a first glance, and given the available
data, this scenario looks plausible, or, at least, worth of further
analysis.
If the off-set bulge is not actually a bulge but, instead, an
early-type satellite orbiting around the disc of NGC 5474, then
it should have a systemic line of sight velocity slightly different
from that of the disc, at the same location. If the hypothetic pair
Fig. 10. Same as Fig. 9 for the RGB sample.
Fig. 11. Stars of the YOUNG sample (in blue) are superposed to stars
of the RGB sample (in grey) in a map with the same arrangement and
symbols as in Fig. 10.
is bound, the difference in the systemic velocity along the line of
sight should amount to a few tens of km/s, at most. Unfortunately
the available stellar velocity fields (or individual long slit mea-
sures) are all based on emission lines, tracing the kinematics of
the star-forming disc, also in the central regions (Ho et al. 1995,
Moustakas et al. 2011, Epinat et al. 2008). On the other hand,
the bulge is dominated by old and intermediate-age stars, hence
its kinematics can be traced only with absorption line spectra,
that are missing6. In principle one can obtain a spectrum of the
bulge region including both emission lines (from the disc) and
absorption lines (from the bulge) and check if the radial velocity
of the two components is the same or not.
6 Stellar velocity fields from both emission and absorption lines may
be possibly obtained from the data described in (Rosales-Ortega et al.
2010, PINGS project). However the results for NGC 5474 have been
not presented yet.
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We did try to perform this test thanks to one night of
Director Discretionary Time kindly made available at the 3.5m
Telescopio Nazionale Galileo (TNG) in La Palma. Unfortunately
the quality of the data and the reliability of their wavelength
calibration were not sufficient to reach our scientific goal (see
Appendix A for a description of the encountered problems). The
only conclusion that we can draw from the analysis of the ac-
quired spectra is that the radial velocity difference between emis-
sion and absorption lines within the bulge is ≤ 50 km/s, thus
leaving the key question on the nature of the bulge unanswered.
However both the limit in the velocity difference between the
disc and the bulge and the similarity of the CMD of the two
components, indicating similar distances, rules out the hypothe-
sis of the chance superposition of unrelated systems, suggested,
e.g., by Rownd, Dickey & Helou (1994).
In summary, the present analysis provides an important piece
of information that was lacking from the overall picture of this
highly disturbed galaxy, that is the actual stellar contentAS-
TROPH and age distribution of the various and structures and
substructures. This is an important element to set the scene for a
serious attempt to reproduce the main properties of NGC 5474
with dynamical (and/or hydrodynamical) simulations, a task that
we are planning for the near future.
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Appendix A: Spectroscopy
In an attempt to perform the test described in Sect. 4 we ob-
tained one night of Director Discretionary Time at the 3.5 m
Telescopio Nazionale Galileo (TNG), located at the International
Observatory Roque de los Muchachos (La Palma, Spain). We
used the Dolores spectrograph in long-slit mode, with the V510
grism that covers the wavelength range 4875Å- 5325Å. To im-
prove the light collection we adopted a slit width of 2.0′′, imply-
ing a spectral resolution of Rλ ∼ 3000, that, in principle, should
9
M. Bellazzini et al.: The strange case of NGC 5474
Fig. A.1. Stacked spectrum of the center of the NGC 5474 bulge,
smoothed with a 5 px boxcar filter. The most prominent emission and
absorption lines are labeled. The flux scale is in arbitrary units.
lead to uncertainties <∼ 10.0 km/s in the radial velocity (RV) es-
timates. If the “bulge” is a satellite of NGC 5474, the velocity
difference between the two should be of the order of the ampli-
tude of the rotation curve, i.e. <∼ 60 km/s (Epinat et al. 2008,
corrected for the inclination of the disc).
Observations were performed in service mode during the
night of April 8, 2019. Six texp = 3150 s on-target spectra were
acquired. To minimise the systematic effects due to instrument
flexures, a wavelength calibration lamp should have been ac-
quired before and after each science exposure. Unfortunately
it was impossible to follow this optimal practice because: (a)
the overall procedure to acquire the spectrum of a Thorium-
Argon calibration lamp is very expensive in term of observ-
ing time (' 1800 s), and, (b) the introduction of the lamp in
the light path implies the interruption of the telescope guid-
ing. Therefore, after each lamp spectrum the target should be
newly acquired and the previous position of the slit cannot be
exactly reproduced. For this reason, as a trade off solution we
adopted the following procedure: pointing of the target, acquisi-
tion of a calibration lamp, putting the target in slit, acquisition
of three science spectra, acquisition of a new calibration lamp,
putting the target in slit, acquisition of three additional science
spectra and, finally, acquisition of the last lamp. Flat-field and
bias-correction, sky-subtraction and spectrum extraction (over
the innermost ' 10.0′′, in the spatial direction), as well as wave-
length calibration and any subsequent step of the analysis was
performed with IRAF. The most relevant portion of the stacked
spectrum obtained from all the individual usable spectra (one of
the six being corrupted) is shown in Fig. A.1.
Unfortunately we found out, a posteriori, that significant
residual velocity shifts (up to ∼ 30 km/s) were present between
the various science spectra and in the measures of the veloc-
ity difference from emission and absorption lines. Therefore, we
concluded that the quality of the observational material and, in
particular, the reliability of the wavelength calibration were not
sufficient to reach our scientific goal, that was challenging, given
the observational set-up.
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